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Hydraulic Brake System 

The present invention relates to a hydraulic brake system tofr 
vehicles with a brake pressure generator unit which is operable 
by introducing an actuating force by way of an actuatina/aevice 
that includes a first hydraulic chamber having a volume which 
decreases when the brake pressure generator unit actuated, 
out of which pressure fluid volume is displaced due to the 
volume decrease and to which wheel brakes are Connected by way 
of a first hydraulic connection, wherein a/' pump is arranged 
which is capable of delivering the pressure fluid volume into 
the wheel 'brakes that is displaced out At the first hydraulic 
chamber due to the volume decrease.." / 

Hydraulic brake systems with hydraulic boosters gain in usage 
in technical engineering. Thf^s applies in particular to 
boosters in automotive vehices where an objective is that the 
boosters being mounted have/a very compact design. In addition, 
the vacuum boosters previously used in practice are frequently 
no longer applicable/ effectively because they require 
considerable space aEra do not provide the vacuum needed for 
boosting in modern tf^hicles. 

Hydraulic boosters known from the art are either comparatively 
complicated afid permit an only relatively inaccurate control, 
or they cause considerable reactions to the actuating device, 
e.g., the /brake pedal, and hence impart an uncomfortable pedal 
feeling vto the driver. 



An object of the present invention is to overcome the 
shortcomings of brake systems of this type and to reduce 



reactive effects of the hydraulic pressure increase or pressure 
decrease on the actuating device. 



This object is achiieved by the combination of features yo be 
gathered from the characterizing portion of claim 1. / 

Thus, the present invention principally involves arranging a 
pump in the first hydraulic connection between/ the first 
hydraulic chamber of a brake pressure generator/ unit and the 
wheel brakes, the said pump delivering the /pressure fluid 
volume into the wheel brakes which is displaced out of the 
first hydraulic chamber when an actuating force of the 
actuating device is introduced, • and arranging an elastic means 
in the first hydraulic chamber, for reproducing a conventional 
volume-pressure characteristic curve of/wheel brakes and, thus, 
for producing a force-travel characteristic curve or a force- 
stroke characteristic curve which/ imparts a customary and 
comfortable pedal feeling to the ^driver when a brake pedal is 
used as the actuating device. / 

The pump causes a difference in pressure between the first 
hydraulic chamber and th£ wheel brakes by delivering the 
displaced volume out of/the first hydraulic chamber of the 
brake pressure generator : unit . Thus, the pressure in the first 
hydraulic chamber is ^advantageously adjusted to pressures near 
zero bar by means of/ a pump of a basically continuous delivery. 
The result is thay the driver mainly feels only the effect of 
the elastic mean/ the reactive effect on the actuating device, 
in particular ,/ a pedal reaction of the brake pressure that 
developed on ythe wheel brakes is greatly reduced. 

Another advantage can be seen in the design of the brake system 
which is /relatively simple under technical aspects. Basically, 
only o/e pump is required in this arrangement for the 



application of brake pressure' to the wheel brakes. In addition) 
the pump may be precharged by the volume displacement out yof 
the first hydraulic chamber by means of the actuating fore/ of 
the driver, which is a major improvement of the brake operation 
and, also, a precondition for a reliable operation /at low 
temperatures. The system is technically straightforward and, 
hence, inexpensive because no additional accumulatoir is needed 
in the brake system of the present invention. / 

Further, there is no longer a direct basic relationship between 
the force-stroke characteristic curve of th^ actuating device 
and the volume-pressure characteristic curv4 because force and 
pressure or, respectively, volume and t^rayel are principally 
adjustable independently of one another /This basically permits 
configuring the boosting characteristics of the brake system as 
it is desired. v / 

According to the present invention, a positive-displacement 
pump, preferably, a positive-displacement pump of continuous 
delivery, is used as a pump. Me ' inlet pressure is boosted by a 
connected electric motor to am extent until the outlet pressure 
at the pump corresponds to/the desired boosted pressure. It is 
especially favorable in /a pump of this type that pressure 
increase is achieved wyth little pulsations and at low noise. 
Advantageously, the / boosting ^characteristics is freely 
selectable due to a/ corresponding design and control of the 
pump. Medium refraction does not occur within the entire 
control circuit b/cause both the brake pressure generator unit 
and the actuating circuits of the wheel brakes operate 
hydraulically . / Geared pumps, vane-type pumps, and spindle 
pumps, however, especially pumps with an internal geared wheel, 
have proved^ well suited as variable-displacement pumps of 
continuous/ delivery . 
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The pump is favorably driven by an electric motor, preferably, 
a non-brush, permanently excited direct-current motor. Further, 
the said motor may be running with no load when brake pressure 
is not required so that start-up of the motor is usually not 
necessary when brake pressure is needed. 
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According to the present invention, the pump mayybe a pump with 
suction control or suction throttling, An a suction- 
controlled/suction-throttled pump, the pressure generated by 
the pump is controlled by the pressure fLuid volume flow that 
is input at the suction side of the pump. This type of pump 
actuation is relativelv^ee^v to realize and good to control 
compared to a clocked actuati&n. TJ?fe suction control of the 
pump provides the advantage that\ mie energy is optimally used 
because the puma/ is loaded onlfy to a degree that is just 
required for pre/ 

The pump may also be configured as a bidirectionally delivering 
or reversing pump according to the present invention, 
permitting both a pressure increase in the direction of the 
wheel brakes and a pressure decrease of the pressure applied to 
the wheel brakes by ¥he pump in an active manner. 




According to tfere present invention, a second hydraulic 
connection is placed between the ' first hydraulic chamber and 
the wheel brakes and houses a valve, especially a control 
valve , by wlyfch the pressure fluid volume flow delivered by the 
pump is Adjustable. This provision ensures a technically 
relatively "simple and inexpensive adjustment of the desired 
brake o/essure. It is especially favorable that the control 
valve /has an analog operation. This renders possible a 
relatively straightforward design of the brake system of the 
present invention. On the one hand, the pressure may thus be 



I 



- 5 - 



controlled very accurately and, on the other hand, an analog 
valve causes only relatively low noise. 
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According to this invention, there is provision of a no/return 
valve which is operable by the difference in pressu/e between 
the first hydraulic chamber and the wheel brakes and which 
opens the second hydraulic connection when excess pressure 
prevails in the first hydraulic chamber. It is/thereby achieved 
that the volume displaced by the driver /in a quick brake 
application is conducted out of the fipst hydraulic chamber 
directly, i.e., past the pump, into /the wheel brake. This 
safeguards a quick brake effect in a .period in which the pump, 
due to inertia effects, cannot contribute at all or only to a 
small degree. 
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The control valve is designed as a member of a hydraulic- 
mechanic position fallow-up ^controller according to the present 
invention, with the valve/position of this position follow-up 
controller being variably/ due to the deformation of the elastic 
means in the first hydraulic chamber. Thus, pressure control 
may take place advantageously without an electronic actuation 
of the valve. 



A third hydraulic connection accommodating a second valve 
device is provided between the first hydraulic chamber and a 
pressure fl/id supply reservoir. This favorably permits an 
aspiration /of brake fluid out of the pressure fluid supply 
reservoir/ when the volume displaced from the first hydraulic 
chamber /is smaller than the volume required for a defined, 
desiredf brake pressure. 



According to the present invention, the brake pressure 
gen^tator unit includes a master brake cylinder with at least 
hydraulic chamber (master brake cylinder chamber), 
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preferably, a tandem master brake cylinder with two hydraulic/ 
chambers, one master brake cylinder chamber thereof bei/g 
connected by way of a hydraulic line to a second piston chamber 
in which the first hydraulic piston is designed as a separating 
piston, preferably a separating piston with a centra? valve, 
and whereby the elastic means that is arranged in/the first 
hydraulic chamber can be acted upon by pressure/ force . The 
separating piston effects a hydraulic separation/of the tandem 
master brake cylinder circuits from the third' brake circuit, 
wherein the first hydraulic chamber is conne/ted to the energy 
supply by the pump, to the connection to/the pressure fluid 
supply reservoir by way of preferably the/central valve, and to 
the rear-wheel brakes by way of preferably normally open 
valves, and is connectable to the front-wheel brakes of the 
vehicle by way of preferably normally closed valves. This 
separation is advantageous 'because upon failure of the brake 
system, that means upon f ailure/of ; the power supply, the total 
stroke operation of the driver can be distributed to the 
pressurization of the fronts-axle wheel brakes by way of the 
tandem master brake cylind/r circuits and the pressurization of 
the rear-axle wheel brakes by way of the third brake circuit. 
Thus, when the third brake circuit fails, this concerns only 
the rear axle, and fa/lure of another brake circuit causes only 
failure of the fronts-axle wheel brakes. A great availability of 
the brake system advantageously achieved thereby. 



In a preferred/^ embodiment of the present invention, the at 
least one mas/er brake cylinder chamber, preferably two master 
brake cylinder chambers of a tandem master brake cylinder, 
is/are connected to two preferably front wheel brakes by way of 
at least /one hydraulic line, preferably two hydraulic lines, 
into wh/ch an electronically operable valve is inserted, and 
there As provision of electronically operable valves between 
the /first hydraulic chamber and the wheel brakes, and 
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electronically operable valves are arranged between a fourtl 
hydraulic line for the return of pressure fluid out of jtne 
wheel brakes. This renders the control of brake pressure easily 
possible. 



According to the present invention, the at leasts one master 
brake cylinder chamber, -preferably two hydraulio^chambers of a 
tandem master brake cylinder, are connected teo two preferably 
front wheel brakes by way of at least . o/e hydraulic line, 
preferably two hydraulic lines, inserted into which is a 
separating valve, preferably each one electromagnetically 
operable, normally open separating Wive. The first hydraulic 
chamber which includes an elastic/means is connected to two 
preferably rear wheel brakes bjf way of the one line and 
succeeding line portions into which a separating valve, 
preferably one electromagnetically operable, normally open 
separating valve, is. inserted, and the first hydraulic chamber 
which includes an elasti/c means is connectable to the two 
preferably front wheel iDrakes by way of a line and succeeding 
line portions, in whioft a separating valve, preferably each one 
electromagnetically X^perable normally closed separating valve 
is inserted. This/ renders a control of the brake pressure on 
each individual jwheel easily possible. 



According to/ the present invention, there is provision of a 
fourth hydraulic line which can be closed by way of separating 
valves, ^preferably electromagnetically operable, normally 
closed ^alves, and permits a return flow of pressure fluid from 
the wheel brakes into the pressure fluid supply reservoir, 
preferably by way of a master brake cylinder chamber, in one 
opetf&ting position. This allows a pressure decrease in a quick 
an/ reliable manner. 
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The present invention will be explained in detail exemplari^y 
in the following description by .making reference to /the 
accompanying drawings (Figure 1 to Figure 8). 

In the drawings (Figures 1 to 8), 

Figure 1 is an embodiment of the brake system /o'f the present 
invention including a first hydraulyS chamber with an 
elastic means and a reversible pui 
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Figure 2 is a view of the resulting bra^ke pressure P Rad in the 
wheel brake and the actuatiia^ travel S of the brake 
pedal as a function of . the/pedal force F. 
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Figure 3 is an embodiment of the/brake system according to the 
present invention wibfi a., valve connected in parallel 
to the pump. 
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Figure 4 is a variation /using a hydraulic-mechanic position 
follow-up controller. 



Figure 5 is an embodiment of the brake system of the present 
invention, /wherein the brake pressure generator unit 
includes A tandem master cylinder. 

Figure 6 is a ^&riation of the embodiment of Figure 5, wherein 
the Piston of the first hydraulic chamber includes a 
central valve. 



Figure 7 /s an embodiment with a tandem master cylinder, 
lerein a hydraulic-mechanic valve is substituted for 
the analog valve. 
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Figure 8 is a variation of the embodiment shown in Figure 
with an additional valve. 

The brake system illustrated in Figure 1 is basically comprised 
of a brake pressure generator unit 2 that is operable by an 
actuating pedal 1 and has a first hydraulic chambe/ 3 which 
houses a first piston 4 with a central valve 5 and/to which is 
assigned an elastic means, preferably a spring 6< By way of a 
first hydraulic line 7, the first hydrauli/ chamber 3 is 
connected to the wheel brakes 8, 9, 10, LI associated with 
5^ which are rotational speed sensors 12, 13, 14, 15 j. n this 

O embodiment. Inserted into the first hydraulic line 7 is a pump 

y which is configured as a bidirectional p'ump 16 1 herein and 

g operated by a motor 17, and in parallel to which a non-return 

PS valve 18 is connected by way of a/ second hydraulic line 19. 

J* Further, the system includes a pressure fluid supply reservoir 

O 20. For comprehending the presjsnt invention, further control 

iTs y 

fy valves for brake pressure control, as they are e.g. provided in 

W an ABS device or ESP device/ are not absolutely necessary and 

have been omitted. 
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When the actuating pedad 1 is depressed, a force is applied to 
the piston 4, thereby generating a pressure in the first 
hydraulic chamber 3,/ The pressure fluid flows out of the first 
hydraulic chamber/3 via the connected hydraulic line 7 to the 
pump 16*. When /he pump 16' is switched on, i.e., when the 
motor 17 is en/rgized by a control device not shown in Figure 
1, it drives /he pump 16*. With the help of pump 16 \ the inlet 
pressure is/boosted and conducted from the outlet side of the 
pump 16' tfo the wheel brakes .'8, 9, 10, 11 by way of the second 
line 19/ In case the pump 16' is ineffective, the pressure 
generated in the pressure generator unit 2 can be applied 
directly to the wheel brakes 8, 9, 10, 11. This ensures an 
auxi/iary braking function. It is arranged for that the motor 
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18 drives the pump 16 1 only when there is need. This may be 
done by a corresponding gearbox if the motor 17 is constant: 
running. With the exception of brake operations that require 
boosting, it is also possible to activate the motor l/ only 
when the wheel brakes 8, 9, 10, 11 shall be acted upon^y brake 
pressure independently ;pf the driver's request and/thus, of 
the brake pressure generator unit, for example, in/the case of 
a TCS or ESP control intervention. A corresponding design of 
the central valve 5 renders it possible in th€ event of a TCS 
or ESP control intervention to have pressure/fluid aspirated by 
the pump 16" from the pressure fluid supply reservoir 20 by way 
of the central valve 5 and the first hydraulic chamber 3 and to 
supply it to the wheel brakes 8, 9, *0, Hi For a reduction of 
brake pressure, the bidirectic^ally operating pump 16 » 
illustrated in Figure 1 is reversed in its direction of 
operation and will then deliver^ pressure fluid from the wheel 
brakes 8, 9, 10, 11, in the direction of the pressure generator 
unit 2. The pressure f luid yftay finally propagate by way of the 
central valve 5 until the/pressure fluid supply reservoir 20. 

The brake pressure wtyfch results in the wheel brake P Rad and the 
actuating travel of/the brake pedal S are illustrated in Figure 
2 as a function of the pedal force F. The brake pressure P Rad 
is dependent on/the volume displaced from the first hydraulic 
chamber 3 and the volume absorption characteristic curve of the 
wheel brakes/8, 9, 10, 11 itself. The pedal-force/pedal-travel 
characteristic curve is determined by the characteristic curve 
of the s/ring 6. The pedal-force/pedal-travel characteristic 
curve Y thus adjustable by the spring characteristic curve and 
the peQal-force/brake-pressure characteristic curve by means of 
the bfydraulic configuration of the brake system and the control 
of/the motor 17 and the pump 16* within relatively wide limits. 
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The following Figures 3 to 8 are described only inasta^ as 
there are differences compared to Figure 1 or the respectively 
preceding Figures. 
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It becomes apparent from a preferred aspect of /he present 
invention shown in Figure 3 that the bidirectional/pump 16- may 
be replaced by a pump 16} having .one direction o/ operation. In 
this case, a valve 21, preferably an apfilog valve, is 
additionally connected in parallel to the pu6p 16 and the non- 
return valve 18. The pump inlet side includes a non-return 
valve 22 that opens in the direction of /he pressure generator 
unit 2. A first pressure sensor 23 is^r ranged in addition in 
the first line 7. Herein, valve .21 controls the brake pressure 
increase and decrease. For reasons/ of control technology and 
for low noise effects, valve 21 /s advantageously designed as 
an analog valve. Advantageouslyy^pump 16 may work continuously 
during a brake operation because the volume flow of pressure 
fluid to the wheel brakes/ 8, , 9, 10, 11 is controllable 
continuously by way of val^4 21. The pump 16 may be the suction 
control type or suction throttling type. In this case, only the 
volume displaced out ol the first chamber 3 of the pressure 
generator unit 2 by w/y of line 7 is conducted by means of the 
pump 16 into the wheel brakes 8, 9, 10, 11. Thus, a pressure of 
roughly zero bar /ls basically always adjusted in the first 
hydraulic chamber/3 according to the present invention. 



Figure 4 differs from Figure 3 in that associated with the 
brake press/re generator unit 2 is a hydraulic-mechanic 
position fo/low-up controller, which includes a second hydraulic 
chamber 2¥ in which a follow-up piston 25 is housed. Placed on 
follow-u/ piston 25 is a follow-up valve 26 allocated to which 
is an a/justing rod 27 that is in operative engagement with the 
firstypiston 4 and the position of which changes along with the 
defoliation of the spring 6. The third hydraulic line 7* on the 
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pump outlet side in the direction of the wheel brakes 8, 9, 10 
11 leads into a first hydraulic piston chamber 28 separated 
from the second hydraulic chamber 24 by the follow-up p^ton 
25. A fourth hydraulic line 29 leads from the second hydraulic 
chamber 24 to the wheel brakes 8, 9, 10, 11. Simil*£ to the 
embodiments described .hereinabove, the pressure/fluid is 
delivered during a braking operation out of the f^st chamber 3 
with the spring 6, through the line 7, to the pump 16 and then, 
with correspondingly boosted pressure, through the third line 
7' into the first piston chamber 28. The wh£el brakes 8, 9, 10, 
jju 11 are pressurized by way of line 29 b£ the pressure fluid 

g volume conducted from the second hydraulic chamber 24. Herein, 
the pressure is controlled by means y5f thd follow-up valve 26 
which is opened by means of the adjusting rod 27 corresponding 
to the pressure produced by the yfump, with the result that a 
defined volume of pressure" fluid .. may flow back via a fifth 
hydraulic line 30 into the pressure fluid supply reservoir 20, 
and with the result that the pressure generated in the wheel 
brakes 8, 9, 10, 11 by wa/ of the follow-up piston 25 and the 
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fourth line 29 is controlled. Further, pump 16 is connected to 
the pressure fluid supply generator 20 by way of a sixth 
hydraulic line 31, /Into which a non-return valve 32 and a 
throttle 33 are in'serted, and by way of a seventh hydraulic 
line 34. Leakage /flows, such as leakage flows at the follow-up 
valve 2 6, which/ may lead to a ldss in pressure fluid in the 
first piston chamber 28 can be compensated thereby. Pressure 
reduction is/ possible by way of a central valve 35 in the 
follow-up piston 25 and the line 30 up to the pressure fluid 
supply reservoir 20. 



is 



In Figure 5, an embodiment of the present invention 
illustrated wherein the brake pressure generator unit 2 has a 
tande^i master cylinder 36 that is operable by the brake pedal 
and basically includes two pressure chambers, i.e., a first 
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master cylinder chamber 39 and a second master cylinder chambi 
40, which are separated from each , other by a first masiter 
cylinder piston 37 and a second master cylinder piston 38.y^ach 
master cylinder piston 37, 38 includes a central valve 4/, 42. 
The operation of tandem master cylinders 36 of this type/is not 
explained in detail in i,the present context because iJc is well 
known to the expert skilled in the respective artfC A direct 
application of the wheel brakes 8, 9, 10, 11 by/means of the 
pressure produced in the two brake circuits /ot the tandem 
master cylinder 36 takes place especially in emergency 
situations, that means in the event of failure of pump 16 or 
motor 17. By way of an eighth hydraulic/line 43, the first 
master cylinder pressure chamber. 39 is connected to the second 
hydraulic piston chamber 44 which is ylsolated from the first 
hydraulic chamber 3 that houses thef elastic means 6 by the 
separating piston 64 which includes a central valve 65. Thus, 
the separating piston 64 effects y& hydraulic separation of the 
two tandem master brake cylinder circuits from a third brake 
circuit, wherein the first hydraulic chamber 3 is connected to 
the energy supply by the pump 16, to the connection to the 
pressure fluid supply reservoir 20 by way of preferably the 
central valve 65, and to/the rear-wheel brakes 10, 11 by way of 
normally open valves y, 48, and is connectable to the front- 
wheel brakes 8, 9 of /he vehicle by way of preferably normally 
closed valves 45, 4g. In Figure 5,' the corresponding valves are 
shown which permit an ABS/TCS. control of the brake pressure. 
The inlet valve/ 45, 46, 47, 48 which are inserted into the 
line portions /a, 7b, 7c, 7d leading to the individual wheel 
brakes 8, 9, A.0 , 11 and succeeding the second line 7, and the 
outlet valv/s 50, 51, 52, 53 which are arranged in the line 
portions 4 /a, 49b, 49c, 49d of a ninth line 49 leading away 
from the /heel brakes 8, 9, 10, 11 are used for this purpose. 
From the pressure chambers of the first master cylinder 39 and 
second masN^r cylinder 40, a tenth and an eleventh hydraulic 
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line 54 and 55 lead to the ' wheel brakes 8 and 9 which a/e\ 
closable by way of valves 56 and 57, / 

In a normal braking operation, pressure fluid volume is 
conducted from the first master cylinder chamber 39 /into the 
second hydraulic chamber 44, and separating piston is moved 
in opposition to the resistance - of the spring 6. ^Corresponding 
to the movement of the separating piston 64, pressure fluid is 
also conducted out of the first hydraulic' chamber 3 and 
delivered to the wheel brakes 8, 9, 10, llAiy way of line 7, 
pump 16, and subsequent lines 7a, 7b, 7c,>7d. Inlet valves 45, 
46, 47, 48 are open then. The outlet val^ves 50, 51, 52, 53 are 
closed in a normal braking operation without ABS control 
intervention. The control of the^e valves is carried out 
according to the known methods yof electronic brake control 
systems such as ABS, TCS, and S5P. The brake pressure applied 
to second line 19 is measured/by a* second pressure sensor 63. 
All valves and motor 17 are/controlled according to a driver's 
request for braking sensed by means of a travel sensor 62 at 
the actuating pedal 1 and in dependence on the pressure which 
is actually measured Jay the second pressure sensor 63. A good 
* two-stage reactiory device function * can be represented by 
means of the travel sensor signal, this means, a defined 
travel/pressure characteristic curve of the system is adjusted, 
whereby the coi?n:rollability of the brake effect in the lower 
range of brak£ pressure is improved for the driver. The valves 
47 and 48 anfcl 56 and 57, as illustrated herein, are preferably 
opened in /the deenergized condition and ensure an emergency 
brake fu/ction in the event of failure of the hydraulic 
boosting^ by the pump 16 or the motor 17. The brake pressure may 
then hef conducted from the pressure chambers of the first and 
second/ master cylinder 39, 40 by way of the lines 54, 55 to the 
wheel [brakes 8 and 9, on the one hand, and from the first 
pressure chamber 3 by way of the line 7 to the wheel brakes 10 



and 11 directly by application of the brake pedal 1, on the 
other hand. Thus, all four wheel bra.es 8, 9, 10, U can 2 
acted upon by the driver- s foot pressure as pressure sourp/i„ 
the event the system fails. I„ the event of (ailure /fthe 
energy supply by the pump, the entire strode action p Jvided by 
the drrver to pressurize the front-axle wheel brake enabled 
by way of the circuits of the tandem master brake Zlinder and, 
for the. rear-axle wheel brakes, by way of / s third brake 
Circuit due to the separation of the hydrauli/ circuits . It is 
thus ensured that only the rear axle is afZcted in the event 
of failure of the third brake circuit a/ on the other hand, 
failure of any other brake circuit/ (tandem master brake 
cylinder circuit) may only cause 6all ur e. of the front-axle 
wheel brakes. 

Figure 6 illustrates a design corresponding to Figure 5 wherein 
the separating piston 64 of the - first hydraulic chamber 3 
includes a central valve </ Further, a damping chamber 58 is 
integrated in line 7 fo/damping pulsations, and a pressure- 
limiting valve 5 9 that/ opens in the direction of the first 
hydraulic chamber is/rranged in parallel to valve 21, whereby 
a guick and reliab/e reduction of the pressure prevailing at 
the wheel brakes 9, 10, 11 is achieved by way of the outlet 
valves 50, 51, / 2 , 53. This embodiment reliably ensures a slow 
or quick pressure increase or decrease in conformity with 
requirement^, and a. particularly effective pulsation decoupling 
of the actuating device 1 is additionally achieved. Besides 
the whee/ brakes of one axle of the vehicle are acted upon 
evenly/ and an angular deviation due to an uneven brake 
pressure proportioning is avoided. 

To/accomplish the brake system of the present invention, only 
orfe single-circuit pump 16, three control valves 21, 50 51 
akd eight switching valves 45, 46, 47, 48, 52, 53, 56, 57 are 
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necessary r„ total in the case o, control. A brake system *f 
thrs type i. basically appropriate for use in all electee 
bra e control system, such as ABS, TCS, ES P, HBA X c 

leer nTT °* ^ <AUt ° matiC ^ ^ roU^H fo 
wheel bra.es 8, 9, 10, 11 are operable by the J£ver's force 
when the system fails. » pressure decrease i^f control phase 
of an electronic bralce control system, fo^example the ABS is 

effect 1 : UntU '"° bar - ^ C ° ntr01 ^"tion by TCS can be 
effected so as to be uncoupled from actuation by the driver 
in the case of an ESP control, aXdraulic connection to the 
pressure fluid supply reservoir^ having a sufficiently large 
cross-section permits a rapi^aspiration of pressure fluid so 
that a quick increase oJ/Sigh brake pressures in the wheel 
brakes can be realized. / 

Figures 7 and 8 S U two embodiments of the present invention 
wherern the valval, is obviated and its function is performed 
by a hydrauliZ-mechanically controlled valve 60. A shut-off 
valve 61 is Additionally inserted in the brake system shown in 
Figure SyTllowing a change-over to independent actuation by 
the electronic brake control system for the purpose of an 
aotrve^raking operation in accordance with a brake control 
systenr such as TCS or ESP. 



- 17 - 





1 
l 




2 




3 




4 








6 


2 


/ 




7 * 


yj 
h* 


8 


- § : 


9 


a s 


10 


3 






ll 








12 






5 - a 


13 


m 


14 




15 




16 




i a \ 

1 D 




17 




18 




19 




20 




21 




22 




23 




24 y 




25/ 




List of Reference Numerals: 



actuating pedal 
brake pressure generator uni^ 
first hydraulic chamber 
first piston 
central valve 
spring 

first hydraulic linj 
third hydraulic llfie 
first wheel brake 
second wheel br* 
third wheel brike 
fourth wheel /brake 
first wheel /speed sensor 
second wheel speed sensor 
first wheel speed sensor 
second wheel speed sensor 
pump 

bidirectional pump 
motor) 
non-yteturn valve 
seabnd hydraulic line 
pyessure fluid supply reservoir 
plve ■ 

ion-return valve 
first pressure sensor 
second hydraulic chamber 
follow-up piston 
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26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 



follow-up valve 
adjusting rod 

first hydraulic piston chamber 
fourth hydraulic line 
fifth hydraulic line 
sixth hydraulic line 
non-return valve 
restrictor 

seventh hydraulic line 
central valve 

tandem master brake cylinder 
first master cylinder? piston 
second master cylinder piston 
first master cyliifcier chamber 
second master cWLinder chamber- 
central valve 
central valve/ 
eighth hydraulic line 
second hydyaulic piston chamber 
inlet val-i 
inlet va! 
inlet vc 
inlet Valve 
ninth /hydraulic line 
outle't valve 
out]/et valve 
out/Let valve 
outlet valve 

bnth hydraulic line 
Eleventh hydraulic line 
'separating valve 



eve 



five 
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